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1. Problem Description 
As an instrumental technique, tremolo is both aurally and visually impressive, and extremely visceral. 
Whether it’s the virtuosic solo violin in III. Presto from J. S. Bach’s Brandenburg Concerto No. 4, the long 
arching nylon string guitar melodies in Francisco Tárrega’s Recuerdos de la Alhambra, or the interminable 
twang of Dick Dale’s surf rock adaption of Misirlou, the rapid repetition of single notes or harmonies imbues 
the music with a sense of propulsive energy. 
As a digital audio effect (DAFx), tremolo is produced by applying an amplitude modulation to the audio 
signal, where a low frequency oscillator drives fluctuations in the output level [1]. Typically, parameters like 
speed and depth are pre-set by the user and remain constant, so for a singular implementation of the effect 
the whole signal is modulated at the same rate and by the same amount. 
The most desirable results are achieved when the musical elements (particularly tempo and duration) of the 
input signal are congruent with the tremolo speed and depth. Given that for a typical tremolo these 
parameters remain static, the performer is restricted to a narrow range of musical inputs while using the 
effect.  
It is possible to achieve a more authentic reproduction of the wild dynamism of tremolo as an instrumental 
technique by implementing an algorithm that varies the DAFx parameters automatically according to the 
musical context of the input signal. This way the effect adapts to the performer, rather than the performer 
adapting to the effect. The algorithm varies the tremolo speed with detected input pitch, and the user pre-
defines whether the effect parameters vary with sound features proportionally or inversely. 
2. Specification 
2.1. Adaptive digital audio effects (A-DAFx) 
Adaptive digital audio effects (A-DAFx) provide time-varying control of an effect driven by parameters 
extracted from the input signal itself [2]. A-DAFx are sometimes referred to as ‘dynamic’ or ‘intelligent’ 
effects or ‘content-based transformations’ [1]. A-DAFx processing contains three main stages: input sound 
feature analysis and extraction; mapping between those features and DAFx parameters; and finally the DAFx 
processing itself. There is also an optional component of user control that can be included to modify the 
mappings between sound features and effects parameters [2]. 
2.2. Adaptive Pitch-Controlled Tremolo 
As stated previously, tremolo is an amplitude modulation effect, where a low-frequency oscillator c(n) drives 
fluctuations in output level to produce a ‘volume-wavering’ output [1, 3]: 
where x(n) is the input signal, y(n) is the output signal and n is the sample number. An adaptive amplitude 
modulation is produced when the modulation rate of c(n) varies with the detected fundamental frequency of 
the input signal in a way pre-defined by the user. 
The adaptive component of the pitch-controlled tremolo is shown in Figure 1, where the modulation 
frequency fmod(n) of the amplitude modulator c(n) varies with the detected fundamental frequency f0(n) over 
time. 
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FIGURE 1: Signal flow diagram for the adaptive tremolo effect. The modulation frequency fmod(n) of a time-
varying control signal c(n) varies with detected fundamental frequency f0(n). The user pre-defines the static 
modulation depth d, as well as whether fmod ascends or descends with increasing fundamental frequency 
(figure adapted from [2]). 
2.3. Tremolo Mapping 
The detected fundamental frequencies f0(n) of the input signal are mapped to the modulation frequency 
fmod(n) by compressing the range of detected values into modulation rates between 1 Hz and 14 Hz. The 
mapping rules for both the ascending and descending cases have been derived from the working example in 
[1], and are given by the equations: 
where fmin and fmax are the minimum and maximum detected fundamental frequencies f0, respectively. 
The amplitude modulator c(n) that drives the adaptive tremolo is a sinusoid with time-varying frequency 
fmod(n) and is given on a logarithmic scale by: 
where d is the user-defined depth of the tremolo with a value between 0 and 100, and fs is the sample rate of 
the input audio signal [1]. 
3. Implementation 
3.1. Target Medium 
The adaptive tremolo effect could be implemented through several mediums, including a stomp box, multi-fx 
patch or digital audio workstation plug-in. The more tangible nature of the stomp box makes it an attractive 
medium for the effect and this immediacy will help to firmly establish its brand identity. There is also a 
considerable market for new and novel effects pedals, and the internet demos and reviews they attract are a 
powerful source of promotion that consumers find credible. 
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3.2. User Interface 
In keeping with the ’intelligent’ nature of the effect, the interface is extremely simple with only two user-
defined settings: mode (fmod ascending or descending with f0) and depth. Figure 2 shows a prototype for the 
stomp box design. The layout of input, output, toggle on/off switch and parameter controls is consistent with 
pre-existing stomp boxes on the market to ensure maximum compatibility and user familiarity. 
FIGURE 2: Design prototype for the pitch-controlled tremolo stomp box. The layout of input, output, toggle 
on/off switch and parameter controls are consistent with pre-exisiting stomp boxes on the market. The 
interface is extremely simple featuring two user-defined settings: mode and depth. 
3.3. Pitch Tracking 
Given that the purpose of a stomp box is to process input audio in real-time, a pitch tracking algorithm with 
fast and accurate performance is required. In a study of pitch trackers for real-time electric guitar effects [4], 
the YIN pitch detection algorithm was found to be the most suitable due to its high accuracy and low latency. 
The YIN algorithm uses the average magnitude difference function (AMDF) - analogous to the 
autocorrelation function - where the periodicity (and hence fundamental frequency) of a signal is determined 
through calculation of the sum of differences of time frames of the signal with shifted versions of itself: 
where the AMDF d(l) shows dips at time lags l of high correlation. A cumulative normalisation is applied to 
average the current lag value with previous values, to prevent lower dips caused by increasing amplitude in 
the time signal: 
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where the normalised mean difference function d’t(l) drops below a value of 1 where the current lag value 
drops below the average of all previous lags. The resolution of the YIN algorithm is increased by refining 
local minima of d’t(l) by parabolic interpolation with neighbouring lag values [4]. 
4. Quantitative Evaluation 
4.1. Testing Phase 
The adaptive pitch-controlled tremolo is currently undergoing a testing phase, where several pre-recorded 
dry electric guitar signals are processed using the algorithm and the results are quantitatively analysed. This 
has been to ensure that the tremolo and mapping components of the algorithm are bug-free before 
implementing a real-time pitch tracking algorithm, which another member of DESC9115 laboratories has 
successfully developed. 
4.2. Pitch Tracking and Time-Varying Control Signals 
The following plots show the detected fundamental frequencies f0(n) and time-varying amplitude modulation 
control signal c(n) for three dry electric guitar input signals: one containing the notes of an ascending C 
major scale in 1st position, another with an ascending A minor pentatonic scale in 5th position, and a third 
with an ascending and descending E minor arpeggio containing notes in first position and harmonics at the 
5th and 12th frets. 
4.2.1. C major scale (mode: ascending; depth: 100) 
4.2.2. A minor pentatonic scale (mode: descending; depth: 100) 
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4.2.3. E minor arpeggio (mode: ascending; depth: 50) 
From the plots above and the accompanying audio examples, it is clear that the tremolo mapping components 
of the algorithm are functioning correctly with single notes played on an electric guitar as input. The adaptive 
pitch-controlled tremolo has passed this phase of testing and is now ready for implementation of a real-time 
pitch tracking algorithm. 
5. Qualitative Evaluation 
5.1. Aims 
The success of the adaptive pitch-controlled tremolo effect will ultimately be determined by whether it’s 
considered a musically useful effect by consumers. Qualitative research, involving ABX listening tests and 
beta tests will be performed to ensure that the effect has practical applications and is not dismissed by 
consumers as a gimmick. Particular areas of interest during testing include: the degree to which the effect 
sounds natural; the range of parameters that are considered useful; the desired amount of user control; and, 
the viability of the effect as a creative tool for music making. 
5.2 Method 
ABX listening tests will be useful in determining the degree to which the effect sounds natural. Listeners 
could compare adaptive tremolo recordings with other tremolos where the speed parameter has been adjusted 
manually. These manual tremolo recording would be challenging to create, but the research would be 
valuable in determining if the sound quality of the adaptive tremolo is competitive. Beta testing with 
guitarists as the primary subjects, would be an appropriate method to investigate the other areas mentioned 
above. It’s important that subjects have a genuine interest in helping to improve the product, and part of the 
criteria for them being approved to participate is their willingness to test it in a practical context. 
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